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Nt = 2 + 1 form factors of semi-leptonic B-decays
IVplx10° » Few number of lattice determinations in

Fre20i6 particular for semi-leptonic B — D
- B Dfy » Nf =2+ 1seems to be necessary
z — B—D*¢v » HQET: clean method with controlled

systematics
o » HQET studies for semi-leptonic B — K,
I B—Dtv
z Nf = 2:
» M. Della Morte, S. Dooling, J. Heitger, D.

$ o Hesse and H. Simma [1312.1566] 742
E ° HFAG inclusive » F. Bahr, D. Banerjee, F. Bernardoni, A.
2 ‘ ‘ ‘ ‘ ‘ Joseph, M. Koren, H. Simma and R.
36 38 40 42 44 46

Sommer [1601.04277] PRHA
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Nt = 2 + 1 form factors of semi-leptonic B-decays

PeHA s strategy for B—physics via non-perturbative HQET at O(1/my,)
o | HQET » non-perturbative finite-volume
L L L L . matching of QCD and HQET in L,:
I HQET Lo Qcb
R . &, (Ly,z,a) = Jgno &7 (Ly,2,a)
: N N
» &7 depend on
i : HQET-parameters w;i(z, a)
: CLS
» Ensembles on line of constant
physics with fixed L, ~ 0.5 fm:
maitch SSF §(23F(L1/2) = gi ~ 4.0
Si ‘ Sa Ss Sy Ss msea(Ll/z) ~ O
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HQET-QCD matching for N = 2 + 1

Importance of quark mass renormalization in the O(a) improved theory for the

non-perturbative finite-volume matching step

» Fix renormalized & improved heavy quark mass from the bare subtracted mass
» HQET parameters at RGl z = z, = [;M}, (and z. = LM, for B — D decays later)

Simon Kuberski Lattice 2018
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HQET-QCD matching for N = 2 + 1

Importance of quark mass renormalization in the O(a) improved theory for the

non-perturbative finite-volume matching step

» Fix renormalized & improved heavy quark mass from the bare subtracted mass
» HQET parameters at RGl z = z, = [;M}, (and z. = LM, for B — D decays later)

My = h(L)Zn(go,L/a) (1 + brn(do) amqy) Mg + O(a?)

~ Z(go) Zn(go) _ 1/ 1 ., L
Zm(gO7L/a) - Zp(go,L/G) ) amq,h - > Kih Fer 5 L = LO - 5

» Za: J. Bulava, M. Della Morte, J. Heitger and C. Wittemeier [1604.05827] P&HA
orvia x-SF: M. Dalla Brida, T. Korzec, S. Sint and P. Vilaseca, in prep.
Zp and h(L): I. Campos, P. Fritzsch, C. Pena, D. Preti, A. Ramos and A. Vladikas [1802.05243] L&A
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Determination of the improvement coefficients
» To impose fixed z = L,M,,, we determine by, and Z for
L3xT Lo=Ly/2 T=1L, 0.008fm < a < o0.02fm
» Status: Test measurements on tuning ensembles with L, /a = 12,16, 20, 24, 32

» Plan: measure on tuned ensembles with L, = % on a line of constant physics
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Determination of the improvement coefficients

» Calculation based on non-degenerate heavy-light
boundary-to-bulk Schrddinger functional correlation zo=T o>
functions f} (xo) and f (xo) and the PCAC-relation:

30 A (Xo) + aCAaoaofp (%)

2 P](XO) T

m,-j(xo) = m,-j(xo; L/a, T/L, 9) =

» Bare quark masses:
a a
amg, = amg, amg, = amg amg ; = “Metila2

J ¢ \I

» Impose different mass dependent improvement conditions: 2y=0 —
Measure a range of heavy valence quark masses LxLxL
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Improvement coefficients: quenched and Nf = 2

M. Guagnelli, R. Petronzio, J. Rolf, S. Sint, R. Sommer and U. Wolff [hep-lat/0009021] RsEHA
P. Fritzsch, J. Heitger and N. Tantalo [1004.3978] P&HA

Definition of the estimators up to O(a?) effects

2(2my; — my — my,)

Rap = = (ba — bp) [14+ O(amq, +am
AP (r]",11 — m22) (an?q’,1 _ amqﬂ) ( A P) [ ( qg,1 q,2)]
Rm = 4(m12 - m33) = (B [1 + O(qu 1+ amgq 2)]
(M1 — myy) (amq,l = amqu) ) )
My — Mys
Rp= M= Ma2 o p Ry (amu + amas) = Z[1 + O (amse)]
(il = Uilig
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Improvement coefficients: Ny = 2 + 1
» New approach in collaboration with

G. de Divitiis, C. C. Koster and A. Vladikas, 0.4 s
Lat’17: [1710.07020] P24 and in progress mh,:
» Simultaneously fit the bare current quark 03 I data —+—
masses m; in
— 1 1 1 1:O 2T
X=Amy =amgp —amg) = 3 ('Th — 5) §
With r; = Kseq 0.1 +
» heavy-heavy:
mhh:Do+ D1X+szz+"'+Dka o r o
» light-heavy: preliminary
io'l L | | |
My = Do + 2Dy x + Ny X* + -+ + Ny x¥ o o1 0 0.3
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Improvement coefficients: Ny = 2 + 1

1
Mpp = Do + Dy X + Dy X2 + -+ - + D xK m,h:D0+5D1X+N2x2+~--+kak

Express the current masses by the fit parameters

D, + Dy X+ --- 4 Dpxk—1

Rpp =2

= (ba — bp)[1+O(amgq 1 +amg ;)]

(4N> — Do) + (4N; — Z)x + - + (4N — 25 )xk2

Rm = 1= — bm [1+0O(amq,+am
" Di+Dyx+ -+ Dyxk—1 m [1+0(amq+amq)]
Dy +Dyx+ -+ Dexk—t
Rp=——— DoD ‘ =Z[1+ O(amsea)]
17 25ip;
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Improvement coefficients: representative example L /a = 12

_0- T T
> interpolation
direct —<—
e
—0.55 — —
o —0.6

—0.65 )/
/ preliminary

o) 0.5 1 1.5 2 2.5 3 3.5 4

—0.7
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Renormalization constant: representative example L /a = 12

Rz

1.112

1.108

1.104

1.1

1.096

'\\

interbolation  —
direct —x<—

i

~

\\

prelin

ninary

(o] 0.

5 1 1.

O(a) improved quark mass renormalization for a non-perturbative matching of HQET to three-flavor QCD
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Improvement coefficients: dependence on the coupling

_O 2 T T T
> Lqu7 = 0.5 —F— preliminary
Lmgp =2.5 —*— X
—0.56 Lmgp = 4.0
perturbative %
X %
E  —0.6
o 0. ——
*
¥ X
—0.64
+ + + +
—0.68 *
1.22  1.24 126 1.28 1.3 1.32 134 136 138 1.4
g5
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Renormalization constant: dependence on the coupling

112 | Lmgp =0.5 —F— preliminary
: Lmgp=2.5 —x—
Lmgp = 4.0 —<—
411 | perturbative ——— "
. 7+ T
+
N +
1.1 f X
X i////}f
1.0 —
-09 [

1.22 1.24 1.26

1.28

O(a) improved quark mass renormalization for a non-perturbative matching of HQET to three-flavor QCD
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Renormalization constant: O (a) ambiguities

standard vs. improved derivatives

0.016 ‘ ‘
Lmpy = 0.5 ——F— N
0.012 |- LMhn =25 X
*
N
X 0.008
< X +
*
0.004 §
+ + .
o 4+ + preliminary,

o) 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

(a/L)?
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Summary

» Improvement coefficients necessary for the finite-volume matching of HQET to QCD
» First test measurements done on tuning ensembles, new strategy applied

» Expected behavior of O(a) ambiguities

Simon Kuberski Lattice 2018 15



—_— — WWUu # itot for
— MUNSTER theoretische physik O(a) improved quark mass renormalization for a non-perturbative matching of HQET to three-flavor QCD

Summary

v

Improvement coefficients necessary for the finite-volume matching of HQET to QCD

v

First test measurements done on tuning ensembles, new strategy applied

v

Expected behavior of O(a) ambiguities

Plans for the future:

v

» Measurements on all tuned ensembles with L = L,
» Improvement conditions for a large range of heavy valence quark masses

» Determination of the z dependence of the matching parameters
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Improvement coefficients: Ny = 2 + 1

O(a) improved quark mass renormalization for a non-perturbative matching of HQET to three-flavor QCD

1
Mpp = Do + Dy X + Dy X2 + -+ - + D xK m,h:D0+5D1X+N2x2+~--+kak

Bare subtracted quark mass: (k; = Kseq)

1/1 1
Mg = Mg, + Amj, Am; = — < — >
2 \Ki Ksea

Definition of the current quark masses up to O([am]?)

mij = my + 2 [{1 +Bmg | Am; + {bm — [ba- bP]} [Ami]z]
my; = my +Zl [{1 + qu,l} Am; + {bm — 1[b/.\ — bp]} [Am;]z]

with B = 2(bm = [bA = bp]) == Nf( [bA = bp]) ( = 1)[bA = bp]
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Improvement coefficients: representative example L /a = 12

0.12 ‘ ‘
interpolation
direct —<— <
0.08 />
o //
= 0.04 /
o} —
—_— preliminary
—0.04
o] 0.5 1 1.5 2 2.5 3 3.5 4
_ L
x=32(5 — %)
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Improvement coefficients: dependence on the coupling

012 Ln5q7h = 6.5 — preliminary 5¢
Lmgp =2.5 —*—
0.08 Lmgp = 4.0
perturbative "
Iz 0.04
o X
X >
0 ;2 s X
+ + + + +
—0.04
1.22  1.24 126 1.28 1.3 1.32 134 136 138 1.4
g5
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Improvement coefficients: O(am,) ambiguities

standard vs. improved derivatives

0.4 ‘ ‘
Lmpy, = 0.5 ——F— X
0.3 | Lmpp = 2.5 —K— ¥
N . x
< 0.2 =
<
+
0.1 T +
: i preliminary
0
o} 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
a/l
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